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Abstract
Electromyography (EMG) analysis techniques are widely used in ergonomics and biomechanical studies for analyzing the 
demand of a job, comparing different tasks, and ergonomics design. To perform such analyses, the EMG data must first be 
normalized to maximum voluntary contractions (MVC). Normalized EMG data not only allows comparisons to be made between 
different tasks, but it also informs about how active muscles are relative to their maximum capabilities. Different MVC exercises 
have become accepted as a standard only by their wide use. However, systematic research on the effectiveness of different MVC
methods are still needed to identify the exercises that will produce the true maximum contraction levels of muscles. The purpose 
of this study was to compare the accepted MVC methods in the literature for the anterior deltoid and trapezius muscles to newly 
proposed MVC methods. Eight participants were recruited from the Louisiana State University (LSU) population. The proposed 
MVC for the anterior deltoids involved positioning the shoulders at 90o flexion with fixed straps wrapped around the distal end
of the upper arm. In this position, participants were asked to exert upward forces against the straps while attempting to use only 
the shoulder muscles. The proposed MVC for the trapezii involved performing lateral raises at 100o shoulder abduction against
fixed chains. These MVC methods were compared to their respective accepted MVCs in the literature. The proposed MVC for 
the right and left anterior deltoids resulted in 58% and 46% higher EMG levels, respectively, than the accepted MVC. The 
proposed MVC for both the right and left trapezii produced 68% higher EMG levels than the accepted MVC. The new MVC 
methods were found to allow the production of more accurate EMG signals of the maximum contraction levels.
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1. Introduction
Electromyography (EMG) analysis techniques are widely used in ergonomics and biomechanical studies for 
analyzing the demand of a job, comparing different tasks, and ergonomics design. A drawback to EMG data 
(microvolt scaled) is that it is strongly affected by the given detection condition. For instance, it can vary between 
electrode sites, electrode orientations, participants, and even day of the experiment. One solution to overcome this 
uncertain character of micro-volt scaled parameters is to normalize the EMG data to a reference value. The most 
popular method is to normalize EMG data to the maximum voluntary contraction (MVC) of the muscle of interest
[1]. MVC for a muscle, especially an extremity muscle, involves isolated single-joint maximal isometric exertions 
against a fixated static resistance. The maximum EMG amplitude measured from the MVC is used as the reference 
value to normalize the EMG data. Normalizing the EMG data of a muscle with respect to its MVC value is 
commonly performed with MVC as 100% of physical exertion, and other levels of exertion from the muscle are 
expressed as the appropriate % of MVC. Normalized EMG data not only allows comparisons to be made between 
different tasks, but it also informs about how active muscles are relative to their maximum capabilities. 
Different MVC measurement protocols have become accepted or conventional as a standard only by their wide 
use. However, systematic research on the effectiveness of different MVC methods are still needed to identify the 
measurement protocols that will produce the true maximum contraction levels of muscles. The motivation for this 
research was that the maximum muscle activities during the actual experiment were some times greater than the 
maximum muscle activities recorded in the MVC exertions, resulting in normalized EMG data greater than 100% 
MVC. Through preliminary testing we found MVC procedures, specifically for the anterior deltoid and trapezius 
muscles, that resulted in higher EMG amplitudes than conventional MVC procedures. Therefore, the purpose of this 
research was to compare the conventional MVC methods in the literature for the anterior deltoid and trapezius 
muscles to proposed MVC methods.
2. Methodology
2.1. Participants
Eight male participants in good health between the ages of 18 and 28 were tested. The participants were graduate 
or undergraduate students of Louisiana State University. Prior to the data collection, the experimental procedures 
and the demands of the testing were explained to the participants and their signatures were obtained on informed 
consent forms approved by the LSU institutional review board (IRB).
The Physical Activity Readiness Questionnaire (PAR-Q, British Columbia Ministry of Health) was used to 
screen participants for cardiac and other health problems, such as dizziness, chest pain, or heart trouble [2]. Any 
participant who answered yes to any of the questions on the PAR-Q was excluded. The average age, height, and 
weight of the participants were 23.9 year, 177.8 cm, and 77.8 kg, respectively.
2.2. Experimental task
For the anterior deltoid and trapezius muscles, participants performed the conventional MVC procedures in the 
literature and the proposed MVC procedures. The MVC procedure for the anterior deltoids from the literature 
involved maximum isometric shoulder flexion against a static resistance, while the shoulder is at 0o and elbow at 
90o[1,3,4] (Figure 1a). The proposed MVC for the anterior deltoids involved positioning the shoulders at 90o flexion 
with fixed straps wrapped around the distal end of the upper arm. In this position, participants were asked to exert 
upward forces against the straps while attempting to use only the shoulder muscles (Figure 1b). The MVC procedure 
in the literature for the trapezius muscles involved performing maximum isomeric shrugs against a static resistance 
(Figure 2a). On the other hand, the proposed MVC for the trapezii involved performing lateral raises at 100o
shoulder abduction against fixed chains (Figure 2b).
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Fig. 1. MVC for anterior deltoid muscles according to: (a) the conventional and (b) the proposed methods.
Fig. 2. MVC for trapezius muscles according to: (a) the conventional and (b) the proposed method.
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2.3. Data collection and processing
Each participant was given an orientation, introducing them to the equipment, data collection procedures, and 
specifics of the experimental tasks. After the orientation, they were asked to sign an informed consent form 
approved by the LSU institutional review board (IRB).Their demographic (age, height, weight, and gender) 
information was recorded. Then the participants underwent a five-minute warm-up session on a treadmill (Nautilus 
T914 Commercial Series) walking at three miles per hour. 
Subsequent to the warm-up session, preparations were made to ready the participants for EMG data acquisition. 
Any hair on the skin at the right and left anterior deltoids and trapezii was removed. Also, the same areas were 
cleaned with alcohol for electrode placement. Then the EMG surface electrodes were attached to the muscles of 
interest. Changing the location of the electrode over the muscle belly can drastically change the amplitude and 
various spectral variables of the EMG signal. Therefore, it was very important to accurately position the electrode 
on the muscle belly, which results in the best EMG signal. A sub-optimal electrode placement can result in 
misleading results and errors in the data. This study used the following electrode locations for the muscles of 
interest:
x Anterior Deltoids – participant supine with arm at side, electrode three fingerbreadths below the anterior margin 
of the acromion [5].
x Trapezii – With the arms resting at the side of the body, electrode along the line joining the acromion and the 
spinous process of the seventh cervical vertebra (C7), at one-third the distance from the lateral edge of the 
acromion [6].
After attaching the electrodes, participants performed a test contraction for each muscle pair to ensure good 
electrode-skin contact. Then participants performed each of the MVC procedures three times. Participants were 
asked to gradually exert to their maximum effort in 3 to 5 seconds, hold it for 3 seconds, and gradually decrease the 
force in 3 seconds [1]. EMG data was collected for a period of 15 seconds, giving participants enough time to reach 
their maximum exertion. To avoid muscular fatigue, repetitions were separated with 30 to 60 seconds of rest [1] and 
MVC sets were separated with 2 minutes of rest [7,8,9,10]. The raw EMG activity from each electrode location was 
demeaned first and then full-wave rectified. The full wave rectified EMG activity was then low pass filtered at 4 Hz, 
using a fourth-order dual pass Butterworth digital filter, to form a linear envelope [11]. The maximum EMG activity 
of the three repetitions was recorded for comparisons of the MVC procedures.
2.4. Statistical analysis
A two-sample t-test was used for comparing the mean maximum EMG activity of each muscle between the 
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Statistical significance was based on calculated p-values.
3. Results
3.1. Anterior deltoid muscles
Figure 3 presents the EMG results in a bar graph for the right and left anterior deltoids using both MVC methods. 
The EMG activity of the right anterior deltoid using the conventional MVC method in the literature was 0.33 mV 
(S.D. = 0.15 mV) versus 0.52 mV (S.D. = 0.12 mV) of the proposed MVC method. The proposed MVC method 
significantly increased the EMG activity of the right anterior deltoid by an average of 58% from the conventional 
MVC method (p = 0.0144). Similarly, an increase in EMG activity was noticed in the left anterior deltoid using the 
proposed MVC method. The EMG activity in the left deltoid increased from 0.29 mV (S.D. = 0.17 mV) to 0.43 mV 
(S.D. = 0.07 mV) using the proposed method, which is approximately a 46% increase from the conventional MVC 
method. Although a substantial increase was noticed, the t-test did not detect the difference as significant. The p-
value for this test was 0.0633, which was slightly greater than the significance level of 0.05. The lack of statistical 
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significance may be a result of the low number of participants involved in this part of the experiment. In conclusion, 
the proposed MVC method appears to be a more accurate representation of the true maximum contraction level of 
the anterior deltoids than the conventional MVC methods.
3.2. Trapezius muscles
Also, the conventional MVC method in the literature for the trapezii muscles was compared to a proposed MVC 
method, which involves isometric lateral raises at approximately 100o shoulder abduction. Figure 4 illustrates the 
average maximum EMG activities of the right and left trapezii muscles using the conventional MVC method and 
proposed MVC method. The EMG activity using the proposed MVC method was significantly higher than the 
conventional MVC method. The proposed method significantly increased the EMG activity of the left and right 
trapezii by an average of 68% from the conventional MVC method (p-values equaled 0.0116 and 0.0447, 
respectively). The average maximum EMG activity of the right trapezius using the conventional MVC method was 
0.45 mV (S.D. = 0.20 mV), in comparison to 0.76 mV (S.D. = 0.22 mV) using the proposed MVC method. The 
average maximum EMG activity of the left trapezius muscle using the conventional MVC method was 0.43 mV 
(S.D. = 0.20 mV) versus 0.72 mV (S.D. = 0.32 mV) of the proposed MVC method. These results show that the 
proposed MVC method provides a more accurate EMG activity of the true maximum contraction level of the 
trapezii muscles than the conventional MVC method in the literature. 
Fig. 3. The average maximum EMG activities from the right and left anterior deltoids using the conventional MVC method in the literature 
(conventional MVC) and the proposed MVC method in this study (proposed MVC).
Fig. 4. The average maximum EMG activities from the right and left trapezii muscles using the conventional MVC method in the literature 
(conventional MVC) and the proposed MVC method in this study (proposed MVC).
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4. Discussion
For all the muscles, the proposed MVC procedures resulted in higher EMG amplitudes than the conventional 
MVC procedures. The differences between the conventional and proposed MVC procedures were statistically 
significant for all the muscles, except for the left anterior deltoid. The p-value for the left anterior deltoid was 
0.0633, which was slightly greater than the significance level of 0.05. The lack of statistical significance may be a 
result of the low number of participants sampled. Future research may investigate more participants or experiment 
with new MVC procedures for the same muscles. Although this experiment was only limited to the anterior deltoid 
and trapezius muscles, the conventional MVC procedures for other muscles may also not be producing the true 
maximum contraction levels. Hence, future research may also experiment with different MVC procedures for other 
muscles to justify the conventional MVC procedures in the literature or propose new ones.
5. Conclusions
This research investigated conventional MVC procedures in the literature to proposed MVC procedures for the 
anterior deltoid and trapezius muscles. The proposed MVC for the right and left anterior deltoids resulted in 58% 
and 46% higher EMG levels, respectively, than the conventional MVC. The proposed MVC for both the right and 
left trapezii produced 68% higher EMG levels than the conventional MVC. The new MVC methods were found to 
allow the production of more accurate EMG signals of the maximum contraction levels. These findings suggest that 
the conventional MVC procedures for other muscles also may not be producing the true maximum contraction 
levels. Therefore, systematic research is needed to justify existing MVC procedures for muscles.
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